Oesophageal carcinoma (EC) is the eighth highest cause of cancer incidence and the sixth highest cause of cancer mortality worldwide ([@bib8]; [@bib29]). Oesophageal adenocarcinoma and oesophageal squamous cell carcinoma (ESCC) show diverse aetiological and pathological characteristics ([@bib14]). Various molecular alterations occur in precancerous lesions and are escalated in oesophageal carcinoma (EC) ([@bib19]). Although multimodality therapy has improved the prognosis of patients, the overall 5-year survival rate remains unsatisfactory. Late diagnosis and tumour propensity for metastasis are believed to be associated with these poor outcomes ([@bib29]; [@bib36]).

MicroRNAs (miRNAs) are a class of small non-coding RNAs that control specific gene expression by targeting messenger RNAs (mRNAs) for translational repression or by diminishing mRNA stability ([@bib12]). It has been shown that miRNAs can regulate cell differentiation, proliferation, invasion, metastasis, and apoptosis ([@bib41]; [@bib35]). Researchers have shown that specific miRNAs are aberrantly expressed in various types of malignancies, which contributes to tumour carcinogenesis and progression ([@bib11]; [@bib22]), and can act as novel diagnostic biomarkers and therapeutic targets for many cancers. Using microarrays, we found that miR-183 was one of the most upregulated genes. The expression of miR-183 in various cancer types is controversial ([@bib7]; [@bib17]; [@bib18]; [@bib20]; [@bib37]; [@bib38]; [@bib43]), and its expression and role in early EC and ESCC tissues remain undetermined.

Programmed cell death 4 (PDCD4), a tumour suppressor gene, has been implicated in cell transformation, invasiveness, and tumourigenesis. One study demonstrated a significant inverse correlation between PDCD4 expression and tumour stage, nodal metastasis, and vascular and perineural invasion in ESCC patients ([@bib9]). A recent study indicated that miR-183 could inhibit the apoptosis of TGF-*β*1-induced human hepatocellular carcinoma (HCC) cells by repressing PDCD4 expression ([@bib18]). Nevertheless, whether miR-183 can modulate PDCD4 expression in human ESCC cells remains unknown.

Here, we report the identification of 68 aberrantly expressed miRNAs in ESCC tissues and suggest that miR-183 is a candidate oncogenic miRNA in ESCC. Our experiments showed that miR-183 promoted ESCC cell proliferation and invasion by binding to the 3′-untranslated region (3′-UTR) of PDCD4 mRNA, which has a fundamental role in the development and progression of ESCC.

Materials and Methods
=====================

Patients and tissue specimens
-----------------------------

Primary ESCC tissues, oesophageal intraepithelial neoplasia tissues, and paired normal oesophageal tissues were obtained from patients who underwent esophagectomy or endoscopic submucosal dissection without radiotherapy or chemotherapy in the Department of Cardiothoracic Surgery and Department of Gastroenterology at the First Affiliated Hospital of Nanjing Medical University from June 2012 to October 2013. With informed consent and agreement, this study was approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University. We obtained 32 pairs of primary ESCC, 9 pairs of oesophageal low-grade intraepithelial neoplasia (LG-IEN), 21 pairs of high-grade intraepithelial neoplasia (HG-IEN), and normal controls. All specimens were snap-frozen in liquid nitrogen within 2 h and stored at −80 °C until they were analysed. Five pairs of primary ESCC tissues were used to make paraffin section. The grading of tumour is according to the 2010 WHO classification of tumour of the digestive system ([@bib6]; [@bib26]).

ESCC cell lines
---------------

The human ESCC cell lines Eca109 and TE13 were obtained from the Shanghai Institute of Biochemistry and Cell Biology (Shanghai, China). Cells were grown in RPMI 1640 (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Gibco, Gaithersburg, MD, USA), 100 units of penicillin/ml, and 100 *μ*g of streptomycin/ml (Invitrogen), and they were incubated at 37 °C in a humidified chamber supplemented with 5% CO~2~.

RNA isolation and quantitative real-time PCR
--------------------------------------------

Total RNA was extracted from tissue samples or cultured cells using Trizol Reagent (Invitrogen) according to the manufacturer\'s instructions. The expression of mature miRNAs was measured by TaqMan quantitative real-time PCR (qRT--PCR) using the TaqMan miRNA assay (Applied Biosystems, Foster City, CA, USA) and normalised using the 2^−ΔCT^ method to U6 small nuclear RNA levels. Programmed cell death 4 mRNA was quantified by SYBR Green qRT--PCR and normalised to GAPDH levels. The primers used to amplify PDCD4 and GAPDH are shown in [Table 1](#tbl1){ref-type="table"}. Each sample was assayed in triplicate.

Western blot analysis
---------------------

Anti-human PDCD4 rabbit monoclonal IgG (1 : 1000; Cell Signaling Technology, Danvers, MA, USA), anti-human Akt rabbit monoclonal IgG (1 : 1000; Cell Signaling Technology), and anti-human phospho-Akt (p-Akt) rabbit monoclonal IgG (1 : 1000; Cell Signaling Technology) were used as primary antibodies. Tissues and cellular protein extracts were prepared using RIPA buffer in the presence of a proteinase inhibitor cocktail. We separated 30--40-ng protein extracts by 10% SDS--PAGE and then transferred them onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, USA). Protein expression was assessed using Alpha Innotech imaging software (San Leandro, CA, USA).

Immunohistochemistry
--------------------

Paraffin sections were stained with anti-human PDCD4 rabbit monoclonal IgG (1 : 100; Cell Signaling Technology) by incubating sections overnight at 4 °C. Secondary staining was performed with biotinylated anti-rabbit IgG at room temperature for 30 min, and tertiary staining was carried out with HRP-conjugated streptavidin according to established protocols. Images were captured using a Nikon microscope imaging system (Tokyo, Japan). Staining intensity was quantified using the Image-pro Plus 6.0 software (Media Cybernetics, Inc., Silver Spring, MD, USA) and expressed as IOD/area.

miRNAs, small interfering RNAs, and transfection
------------------------------------------------

The miRNAs and small interfering RNA (siRNAs) were synthesised by GenePharma (Shanghai, China). The oligonucleotide sequences of the negative control (NC), hsa-miR-183 mimics, inhibitor negative control (INC), hsa-miR-183 inhibitors, and si-PDCD4 ([@bib3]) are listed in [Table 1](#tbl1){ref-type="table"}. Transfection of plasmids and oligonucleotides was performed using Lipofectamine 2000 Reagent (Invitrogen) according to the manufacturer\'s protocol. After transfection, cells were used for various experiments.

Vector construction and luciferase reporter assays
--------------------------------------------------

The wild-type 3′-UTR of PDCD4 that contained predicted miR-183 target sites was amplified by PCR using the primers (forward) 5′-taataagctaccttttgtaagtgccatgtttattatctaatcattcca-3′ and (reverse) 5′-ttggaatgattagataataaacatggcacttacaaaaggtagcttatt-3′. To amplify mutant sequences, we used (forward) 5′-ttctaataagctaccttttggcaggacgtttattatctaatcattcc-3′ and (reverse) 5′-ggaatgattagataataaacgtcctgccaaaaggtagcttattagaa-3′ primers. Both mutant and wild-type 3′-UTR fragments were then cloned into pGL3-control vectors (Invitrogen) at XbaI sites. The constructed vectors were named pGL-PDCD4-wt-mRNA and pGL-PDCD4-mut-mRNA. For the reporter assays, cells were transfected in 24-well plates with either miR-183 mimics or NC using Lipofectamine 2000 (Invitrogen). An identical amount of Renilla expression vector PRL-TK was co-transfected into every group to serve as a normalisation control. Reporter assays were performed at 24 h post-transfection using a luciferase assay kit (Promega, Madison, WI, USA).

Cell proliferation and colony formation assays
----------------------------------------------

Cells transfected with RNA oligonucleotides for 24 h were seeded in 96-well plates at a concentration of 3000 cells per well, and cell proliferation was measured using a Cell Counting Kit-8 (Beyotime, Haimen, China) at 24, 48, 72, and 96 h. We performed four independent replicate experiments with triplicate technical replicates in each experiment. A colony formation assay was performed by seeding 300 cells in a six-well plate. After 2 weeks, the plates were washed with phosphate-buffered saline (PBS) and fixed with methanol for 15 min before being stained with crystal violet at room temperature for 30 min. Colonies (\>50 cells per colony) were counted after crystal violet staining.

Tumour cell migration and invasion assay
----------------------------------------

We seeded 1 × 10^5^ cells per well in the top chamber of a 24-well Transwell micropore polycarbonate membrane filter with an 8-*μ*m pore size (Millipore, Bedford, MA, USA); cells were suspended in culture media without serum followed by respective treatments. Complete media was added to the bottom chamber. After 48 h, cells on the top surface of the membrane were carefully removed using a cotton swab. The total number of migrated/invaded cells was manually counted in five randomly chosen fields per treatment per insert.

Flow cytometry analysis of cell apoptosis
-----------------------------------------

Detection of apoptotic cells was performed using the Annexin V-FITC/PI apoptosis detection kit (KeyGEN, Nanjing, China). Cells were harvested and washed with PBS twice, incubated in a dark room with Annexin V-FITC and propidium iodide for 15 min, and then analysed by flow cytometry.

Statistical analysis
--------------------

All experiments were performed in triplicate, with values expressed as the means±s.e.m. Statistical significance was determined using Student\'s *t*-test or one-way analysis of variance with Tukey\'s *post-hoc* test. Findings were considered to be significantly different when a *P*-value \<0.05 was obtained. All statistical analyses were performed using the SPSS 20.0 software program (SPSS Inc., Chicago, IL, USA).

Results
=======

MiR-183 is specifically upregulated in human ESCC and oesophageal intraepithelial neoplasia tissues
---------------------------------------------------------------------------------------------------

We found 68 aberrantly expressed miRNAs in our microarray, including 51 highly expressed miRNAs and 17 lowly expressed miRNAs ([Table 2](#tbl2){ref-type="table"}). MiR-183 was one of the most upregulated miRNAs in ESCC tissues. To further validate this result, we used TaqMan qRT--PCR assays to evaluate miR-183 levels in 32 primary ESCC tissues and paired normal oesophageal tissues, and miR-183 was significantly upregulated in the ESCC tissues ([Figure 1A](#fig1){ref-type="fig"}). Furthermore, the expression level of miR-183 in HG-IEN tissues was also higher than that in paired normal controls ([Figure 1B](#fig1){ref-type="fig"}). However, we found that miR-183 expression had no significant correlation with tumour stage or lymphatic metastases in ESCC patients; the detailed clinical characteristics of patients in our study are shown in [Table 3](#tbl3){ref-type="table"}. Because miR-96, miR-182, and miR-183 are physically clustered genes, we further investigated the expression of miR-182 and miR-96 in those 62 paired samples. We found that the expression of miR-182 was also upregulated in ESCC tissues compared with normal oesophageal tissues ([Figure 1C](#fig1){ref-type="fig"}). However, the levels of miR-182 in oesophageal intraepithelial neoplasia tissues were not significantly upregulated compared with those in paired normal controls ([Figure 1D](#fig1){ref-type="fig"}). The relative expression levels of miR-96 showed no significant differences in 32 paired ESCC tissues or 30 paired oesophageal intraepithelial neoplasia tissues ([Figure 1E and F](#fig1){ref-type="fig"}).

PDCD4 expression is downregulated in ESCC tissues
-------------------------------------------------

The expressions of PDCD4 mRNA and protein were both downregulated in ESCC tissues ([Figure 2A and B](#fig2){ref-type="fig"}), which was in accordance with the results of a previous study ([@bib9]; [@bib30]). PDCD4 protein levels were significantly reduced in ESCC tissues compared with adjacent noncancerous tissues based on immunohistochemistry. As shown in [Figure 2C](#fig2){ref-type="fig"}, strong nuclear and cytoplasmic PDCD4 protein staining was observed in normal oesophageal epithelial tissue. However, loss of nuclear staining was observed in ESCC tissue ([Figure 2C](#fig2){ref-type="fig"}).

MiR-183 directly downregulates PDCD4 expression in ESCC cells
-------------------------------------------------------------

We searched for target genes of miR-183 in the TargetScan and miRanda databases and identified PDCD4 as a candidate miR-183 target gene ([Figure 3A](#fig3){ref-type="fig"}), and the sequence analysis indicated that miR-183 target sequence at 260--266 nt of PDCD4 3′-UTR was highly conserved across different species ([Figure 3B](#fig3){ref-type="fig"}). To rationalise the inverse relationship between miR-183 and PDCD4 expression, we hypothesised that the increased miR-183 acted to attenuate the transcript level or translation of the tumour suppressor PDCD4 in ESCC.

To further validate the interaction of miR-183 with PDCD4, we transfected Eca109 and TE13 cells with miR-183 mimics and confirmed the reduction of PCCD4 protein expression. Furthermore, we treated ESCC cells with miR-183 inhibitors, which resulted in increased PDCD4 protein levels compared with those in scrambled control-treated cells ([Figure 3C and D](#fig3){ref-type="fig"}). However, PDCD4 mRNA levels showed no significant change during these treatments ([Figure 3E](#fig3){ref-type="fig"}).

To confirm whether PDCD4 is a *bona fide* target gene of miR-183, a human PDCD4 wild-type 3′-UTR that contained either miR-183 binding sites or mutant sites was cloned into a modified pGL3-control vector. These luciferase reporter constructs were co-transfected into Eca109 and TE13 cells with miR-183 mimics or NC RNAs. We observed significantly decreased luciferase activity in the cells transfected by the PDCD4-wt-3′-UTR vector with miR-183 mimics compared with that in the cells transfected with control RNAs. In contrast, when the miR-183 binding site was mutated, no significant change in relative luciferase activity was found ([Figure 3F](#fig3){ref-type="fig"}). This finding suggested that miR-183 can directly bind to the 3′-UTR of the PDCD4 gene.

MiR-183 promotes the growth and invasion of human ESCC cells
------------------------------------------------------------

We tested the effects of miR-183 on the growth and invasion ability of human ESCC cells. The expression of miR-183 was significantly upregulated or downregulated compared with that in controls at 24 h after transient transfection ([Figure 4A](#fig4){ref-type="fig"}). Based on these results, ESCC cells were transfected with miR-183 mimics and NCs, and cell proliferation was analysed by a CCK-8 assay (Beyotime, Beijing, China) every 24 h for 4 days. Eca109 and TE13 cells showed significantly increased proliferation when miR-183 was overexpressed compared with the proliferation of scrambled control cells ([Figure 4B](#fig4){ref-type="fig"}). However, loss-of-function experiments showed contradictory results. Colony formation assays showed a trend similar to that revealed by the CCK-8 assay, with cell lines overexpressing miR-183 exhibiting stronger colony formation activity, whereas inhibition of miR-183 expression showed opposite phenotypes ([Figure 4C and D](#fig4){ref-type="fig"}). In addition, Eca109 and TE13 cells transfected with miR-183 mimics for 24 h showed reduced apoptosis ([Figure 4E](#fig4){ref-type="fig"}). Cell migration and invasion assay showed the mean number of cells penetrating the Transwell membrane (BD Biosciences, Bedford, MA, USA) of miR-183 mimics was significantly greater than NCs ([Figure 4F and G](#fig4){ref-type="fig"}). In contrast, migration and invasion cell number was reduced by anti-miR-183 transfection ([Figure 4F and G](#fig4){ref-type="fig"}).

MiR-183 promotes the growth and invasion of ESCC cells by negatively regulating PDCD4
-------------------------------------------------------------------------------------

Because PDCD4 is a target gene of miR-183, we investigated whether miR-183 promoted the growth and invasion of ESCC cells by negatively regulating PDCD4. We constructed an siRNA to specifically suppress PDCD4 expression. Transfection of si-PDCD4 in ESCC cells markedly reduced the expression of PDCD4 protein ([Figure 3C and D](#fig3){ref-type="fig"}). Because miR-183 promoted the growth and migration of ESCC cells, we observed that cells treated with si-PDCD4 showed increased cell proliferation and migration activities ([Figure 4B--D, F, and G](#fig4){ref-type="fig"}). According to the flow cytometry results, cells treated with si-PDCD4 showed decreased apoptosis compared with mock-treated and NC cells ([Figure 4E](#fig4){ref-type="fig"}). These results are similar to those obtained with the miR-183 mimics, which indicated that miR-183 induced ESCC cell proliferation, migration, and invasion ability by downregulating PDCD4 expression.

MiR-183 expression is inhibited by LY294002 in ESCC cells
---------------------------------------------------------

LY294002, a PI3K/Akt pathway inhibitor, decreased p-Akt levels in ESCC cells, especially at 10 *μ*[M]{.smallcaps}, but had no effect on total Akt levels ([Figure 5A](#fig5){ref-type="fig"}). However, ESCC cells treated with 10 *μ*[M]{.smallcaps} LY294002 did show increased PDCD4 expression. Because PDCD4 is a downstream effector of the PI3K/Akt/mTOR signalling pathway, we explored whether the PI3K/Akt signalling pathway influenced the expression of miR-183 in ESCC cells. Compared with miR-183 levels in cells treated with dimethyl sulfoxide, which served as an NC, the expression of miR-183 in ESCC cells treated with 10 or 40 *μ*[M]{.smallcaps} LY294002 showed an ∼80% or ∼90% reduction in miR-183 levels, respectively ([Figure 5B](#fig5){ref-type="fig"}). These data suggest that inhibition of the PI3K/Akt signalling pathway may play an important role in the regulation of miR-183 expression in ESCC cells.

Discussion
==========

This study reported that the expression of miR-183 was significantly upregulated in human ESCC tissues. It also showed for the first time that miR-183 is highly expressed in oesophageal intraepithelial neoplasia tissues, which indicates that miR-183 may act as an oncogene in ESCC. Ectopic expression of miR-183 was associated with ESCC cell proliferation, migration, and invasion ability, whereas silencing of miR-183 showed the opposite effects, partly by negatively regulating PDCD4 expression. *In vitro* experiments indicated that PDCD4 is a direct target gene of miR-183. In addition, inhibiting PI3K/Akt signalling significantly reduced miR-183 levels and increased PDCD4 expression, indicated that Akt may act as an upstream regulator of miR-183 in ESCC. In a word, our study showed that miR-183 may play an essential role in tumourigenesis and the progression of human ESCC.

MiR-183, a member of the miR-183-96-182 cluster, is located at the human 7q31-34 locus and contains highly conserved sequences ([@bib32]; [@bib25]; [@bib37]). It has been found to be upregulated in multiple cancer types in humans, such as HCC ([@bib18]), breast cancer ([@bib17]), colorectal cancer ([@bib7]), bladder cancer ([@bib43]), myelomonocytic leukemia ([@bib20]), and prostate cancer ([@bib37]), and was therefore considered to be an oncogene. [@bib21] investigated miR-183 expression in ESCC tissues and patients\' blood samples and found that the relative expression of miR-183 in ESCC tissues was significantly associated with an increased risk for oesophageal cancer; however, the levels of circulating miR-183 were significantly reduced in cancer patients, suggesting that miRNAs had a source of origin distinct from tumour cells. Until recently, the mechanism underlying miR-183 regulation in ESCC had not been clearly elucidated.

The incidence of low- and high-grade oesophageal intraepithelial neoplasia, a precancerous lesion of ESCC, has increased globally. It is estimated that ∼20% of all oesophageal cancers are early carcinomas in Japan ([@bib34]). Endoscopic submucosal dissection of early oesophageal cancer is a new but difficult technique that must be performed by endoscopists ([@bib39]; [@bib45]). In this study, we first explored miR-183 expression in oesophageal intraepithelial neoplasia tissues and found that miR-183 was upregulated in early EC tissues compared with paired normal oesophageal tissues. Because miR-182-96-183 is a physically linked gene cluster, we investigated miR-182 and -96 expression in our 62 paired tissue samples. As expected, miR-182 expression levels in ESCC tissues showed the same trend as miR-183 levels, but the expression level of miR-182 in oesophageal intraepithelial neoplasia tissues was not significantly upregulated compared with that in paired normal controls. In addition, the relative expression levels of miR-96 showed no significant differences in the 62 paired tissues. Unfortunately, we found that the expression of miR-183 showed no significant correlation with tumour stage or occurrence of lymphatic metastases in ESCC patients. Nevertheless, the upregulated expression of miR-183 in oesophageal intraepithelial neoplasia tissues and EC tissues indicated that miR-183 may play an important role in ESCC development.

Because there have been no reports on the oncogenic functions of miR-183 in ESCC cells, we performed gain- and loss-of-function analyses (CCK-8, colony formation, Transwell assays, and flow cytometry) using transient transfections. We found that overexpression of miR-183 promoted growth, migration, invasion, and reduced apoptosis of ESCC cells, which suggested that miR-183 functions as an oncogene in ESCC cells. To further investigate how miR-183 may influence ESCC cell proliferation and invasion capacity, si-PDCD4 was transfected into ESCC cells. When ESCC cells were transfected with miR-183 mimics, PDCD4 levels were reduced, whereas the miR-183 inhibitors resulted in increased PDCD4 expression. *In vitro* studies tested the effect of si-PDCD4 and found it to be approximately similar to that of miR-183 mimics, which suggests that miR-183 may play an oncogenic role by negatively regulating PDCD4 expression in ESCC cells.

The PDCD4 gene was first isolated from a human glioma cDNA library as a tumour-associated gene ([@bib5]). Accumulating evidence indicated that PDCD4 was a novel tumour suppressor gene, as loss or reduction of PDCD4 expression was detected in several cancers ([@bib44]; [@bib1]) and ectopic expression of PDCD4 reduced tumour formation in a mouse skin-cancer model ([@bib13]). In addition, PDCD4 can bind and inhibit translation initiation factor eukaryotic initiation factor 4a, thereby influencing protein translation ([@bib10]; [@bib42]). We found that PDCD4 mRNA and protein expression was reduced in ESCC tissues, and the staining of PDCD4 was much stronger in adjacent normal oesophageal tissues compared with ESCC tissues based on immunohistochemistry, which implied that PDCD4 expression was reduced or absent in ESCC. Some previous reports have described the nuclear localisation of PDCD4 in normal tissues and the cytoplasmic localisation of PDCD4 in cancer tissues ([@bib4]; [@bib24]; [@bib27]; [@bib15]), whereas other studies have shown an opposite distribution ([@bib40]). The reason for the diverse cellular distribution patterns of PDCD4 may be that the patterns are cell-type specific ([@bib16]). However, we found that the nuclear localisation of PDCD4 was reduced or lost in ESCC tissues. Studies have reported that Akt can directly phosphorylate PDCD4 at Ser^67^ and Ser^457^, which decreased transactivation of the activator protein-1 promoter by c-Jun ([@bib28]). In our study, PDCD4 expression was significantly decreased by LY294002 at a dose of 10 *μ*[M]{.smallcaps}, which suggested that the PI3K/Akt pathway was essential for regulating PDCD4 levels in ESCC cells.

Many studies have investigated the relationship between miR-21 and PDCD4, and identified PDCD4 as the target gene of miR-21 using a reporter assay ([@bib23]; [@bib31]). One research has shown that miR-21 overexpression in inflammatory Zn deficient oesophagus and tongue is correlated with PDCD4 and TPM1 downregulation ([@bib2]). It is well known that multiple miRNAs target the same gene, and it is not the one miRNA--one mRNA connection, it is the combination of multiple miRNAs that target the same gene should be considered ([@bib30]). Studies have reported that miR-183 can inhibit TGF-*β*1-induced HCC cell apoptosis by repressing PDCD4 expression ([@bib18]), although whether miR-183 can regulate PDCD4 expression in ESCC was not determined. Transfection of ESCC cells with a reporter plasmid containing the 3′-UTR of PDCD4 resulted in a significant reduction of reporter activity. In contrast, in cells transfected with plasmids containing mutant sequences of the PDCD4 3′-UTR, luciferase activity was minimally decreased in TE13 cells and the reporter activity in Eca109 cells was even increased. Therefore, miR-183 can bind to the 3′-UTR of PDCD4 mRNA in ESCC cells, inhibit PDCD4 protein expression, and promote ESCC cell growth, migration, and invasion by negatively regulating PDCD4 expression.

Previous studies have proposed that Akt is a direct regulator of miR-21 ([@bib33]). Therefore, we examined whether Akt could affect miR-183 expression. LY294002, an inhibitor of PI3K/Akt, significantly reduced p-Akt levels in ESCC cells, without affecting total Akt levels, and increased PDCD4 levels, especially at doses of 10 *μ*[M]{.smallcaps}. Furthermore, ∼80% and ∼90% inhibition of miR-183 expression was observed at 10 and 40 *μ*[M]{.smallcaps} LY294002, respectively. These results indicated that the inhibition of Akt by LY294002 contributed to the suppression of miR-183 expression. Overall, our findings suggest that inhibition of Akt phosphorylation could represent a reasonable mechanism for the downregulation of miR-183 levels and the upregulation of PDCD4 expression.

In summary, miR-183 was upregulated in ESCC and oesophageal intraepithelial neoplasia tissues compared with adjacent normal control tissues, which promoted ESCC cell proliferation, migration, and invasion ability and inhibited apoptosis by negatively regulating the tumour suppressor gene PDCD4. Inhibition of Akt phosphorylation partially reduced miR-183 levels and increased PDCD4 expression, indicating that Akt may be an upstream regulator of miR-183.
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![**Analysis of miR-183 cluster levels in specimens.** (**A**) qRT--PCR data showing miR-183 levels in oesophageal squamous cell carcinoma (ESCC) tissues and adjacent normal oesophageal tissues: T, ESCC tissues; N, normal oesophageal tissues; *n*=32, \*\**P*\<0.005. (**B**) miR-183 expression in oesophageal intraepithelial neoplasia tissues and adjacent normal oesophageal tissues; LG-IEN, low-grade intraepithelial neoplasia tissues; HG-IEN, high-grade intraepithelial neoplasia tissues; n1=9, *P*\>0.05; n2=21, \*\**P*\<0.005. (**C**) miR-182 expression in ESCC tissues and adjacent normal oesophageal tissues; *n*=32, \*\*\**P*\<0.001. (**D**) miR-182 expression in oesophageal intraepithelial neoplasia tissues and adjacent normal oesophageal tissues; n1=9, *P*\>0.05; n2=21, *P*\>0.05. (**E**) miR-96 expression in ESCC tissues and adjacent normal oesophageal tissues; *n*=32, *P*\>0.05. (**F**) miR-96 expression in esophageal intraepithelial neoplasia tissues and adjacent normal oesophageal tissues; n1=9, *P*\>0.05; n2=21, *P*\>0.05. The terms ΔCt~(T/IEN/N)~=Ct~miRNA~--Ct~U6~, ΔΔCt=ΔCt~(T/IEN)~--ΔCt~(N)~, and 2^−ΔCt(T/IEN/N)^ are used to denote the level of miRNA in T/IEN/N tissues, 2^−ΔΔCt^ is used to denote the relative level of miRNA in T/IEN tissues compared with N tissues. U6 snRNA was used as an internal control.](bjc2014485f1){#fig1}

![**PDCD4 mRNA and protein expression in ESCC tissues and paired normal controls.** (**A**) qPCR data for PDCD4 mRNA expression in seven paired primary ESCC tissues. (**B**) Western blotting was performed to detect PDCD4 protein expression; N, normal tissues; T, ESCC tissues; *n*=3. (**C**) Detection of PDCD4 protein expression by immunohistochemistry in ESCC tissues and paired normal controls; *n*=5. The nuclear and cytoplasmic localisation of PDCD4 was indicated with the black and white arrows. Scale bars, 200 *μ*m. GAPDH was used as the internal normalised reference for PDCD4 expression levels. Error bars (s.e.m.) were calculated based on triplicate samples (\*\**P*\<0.005, \**P*\<0.05).](bjc2014485f2){#fig2}

![**MiR-183 targets PDCD4 in ESCC cells.** (**A**) Bioinformatics tools were used to predict the binding region of miR-183 in the PDCD4-3′-UTR. (**B**) Sequence analyses indicated the miR-183 target sequences for different species. (**C**) miR-183 and si-PDCD4 expression affects PDCD4 protein expression in Eca109 and TE13 cells (**D**) but does not affect PDCD4 mRNA expression (**E**) in ESCC cells. (**F**) Luciferase activity after transfection with wild-type (WT)/mutant-type (MUT) 3′-UTR constructs in PDCD4. Error bars (s.e.m.) were calculated based on triplicate samples (\*\**P*\<0.005, \**P*\<0.05).](bjc2014485f3){#fig3}

###### 

**MiR-183 upregulation promotes ESCC cell proliferation and invasion *in vitro*.** (**A**) Expression of miR-183 in ESCC cells transfected with miR-183 mimics or inhibitors by qPCR. (**B**) The effects of miR-183 on ESCC cell proliferation ability. (**C**) The effects of miR-183 on Eca109 and TE13 cell (**D**) colony formation ability. (**E**) Flow cytometry analysis of ESCC cell apoptosis after treatment with miR-183 mimics or NC after 48 h of transfection. The effects of miR-183 on Eca109 cell migration (**F**) and invasion (**G**) viability. Error bars indicate the mean±s.e.m. from three independent experiments (\*\*\**P*\<0.001, \*\**P*\<0.005, \**P*\<0.05).
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![**LY294002 inhibited the PI3K/Akt signalling pathway and reduced miR-183 expression in ESCC cells.** (**A**) The effects of LY294002 on the PI3K/Akt signal pathway and miR-183 expression in ESCC cells (**B**). Error bars indicate the mean±s.e.m. from three independent experiments (\*\**P*\<0.005,\**P*\<0.05).](bjc2014485f5){#fig5}

###### Primer sequences

  **Name**             **Forward primer**               **Reverse primer**
  -------------------- -------------------------------- --------------------------------
  PDCD4                5′-GTTGGCAGTATCCTTAGCATTGG-3′    5′-TCCACATCAGTTGTGCTCATTAC-3′
  GAPDH                5′-CGGAGTCAACGGATTTGGTCGTAT-3′   5′-AGCCTTCTCCATGGTGGTGAAGAC-3′
  NC                   5′-UUCUCCGAACGUGUCACGUTT-3′      5′-UUCUCCGAACGUGUCACGUTT-3′
  miR-183 mimics       5′-UAUGGCACUGGUAGAAUUCACU-3′     5′-UGAAUUCUACCAGUGGCCAUAAUU-3′
  Si-PDCD4             5′-GUGUUGGCAGUAUCCUUAG-3′        5′-CUAAGGAUACUGCCAACAACTT-3′
  INC                  5′-CAGUACUUUUGUGUAGUACAA-3′      5′-UUGUACUACACAAAAGUACUG-3′
  miR-183 inhibitors   5′-AGUGAAUUCUACCAGUGCCAUA-3′     5′-UAUGGCACUGGUAGAAUUCACU-3′

Abbreviations: INC=inhibitor negative control; NC=negative control; PDCD4=programmed cell death 4.

###### Differentially expressed miRNAs selected from the miRNA array data analysis

![](bjc2014485t1)

###### The correlation between miR-183 expression and clinical variables of ESCC patients

                                                     **miR-183 expression (2**^**−ΔΔCt**^)        
  -------------------------------------- ----------- --------------------------------------- ---- ------
  Total number                           62                                                        
  **Age**                                                                                         
  \>60                                   39 (62.9)   19                                           0.79
  ⩽60                                    23 (37.1)   12                                      11    
  **Gender**                                                                                      
  Male                                   46 (74.2)   22                                           0.56
  Female                                 16 (25.8)   9                                       7     
  **Degree of tumour differentiation**                                                            
  Cancer                                 32 (51.6)   20                                           0.11
  HG-IEN                                 21 (33.9)   7                                       14    
  LG-IEN                                 9 (14.5)    4                                       5     
  **Tumour location**                                                                             
  Upper middle                           38 (61.3)   20                                           0.4
  Lower                                  24 (38.7)   10                                      14    
  **Tumour size**                                                                                 
  \>3 × 3 × 3 cm                         6 (9.7)     4                                            0.06
  ⩽3 × 3 × 3 cm                          56 (90.3)   16                                      40    
  **TNM stage**                                                                                   
  I/II                                   48 (77.4)   21                                           0.59
  III/IV                                 14 (22.6)   5                                       9     
  **Tumour stage**                                                                                
  T0                                     30 (48.4)   11                                           0.08
  T1                                     7 (11.3)    6                                       1     
  T2                                     4 (6.5)     1                                       3     
  T3                                     20 (32.3)   12                                      8     
  T4                                     1 (1.5)     1                                       0     
  **Lymphatic metastasis**                                                                        
  Positive                               11 (17.7)   7                                            0.11
  Negative                               51 (82.3)   19                                      32    

Abbreviations: HG-IEN=high-grade intraepithelial neoplasia; LG-IEN=low-grade intraepithelial neoplasia; TNM=tumour, node, metastasis stage. *P*-value is calculated by χ^2^ test.
